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Wednesday, March 9, 2011 621acurrent noise realized with glass substrates. Femtosecond laser ablation is
used to fabricate a pair of micropores in close proximity to each other (distance
< 5 mm) in glass, while the access channels to these pores are kept separate.
This configuration makes it possible to use one pore for automated positioning
of a cell by suction, while the other pore is kept clean by applying positive pres-
sure. Once the cell is pre-positioned onto the first pore, suction may be applied
to the second pore to establish a high quality seal that could be used to interro-
gate individual transmembrane transporter proteins and single ion channel
proteins. In addition, this dual micropore configuration may enable the first
automated gap junction recordings, bypassing the difficulties of manually po-
sitioning two micropipettes.
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A Device to Measure Ligand- or Voltage-Gated Channels Simultanously in
384 Wells
Xin Jiang, Trisha Tutana, David Yamane, Yuri Osipchuk, Edward Verdonk,
James Costantin.
We have developed patch clamping instrumentation to measure ligand-gated or
voltage-gated ion channels (LGICs or VGIC) simultaneously in a 384-well mi-
croplate. The apparatus combines a 384-well pipettor with 384 amplifier and
digitizers for parallel recording in all wells at once, no multiplexing is per-
formed. We use the perforated patch clamp technique on a polyimide substrate
and are able to record stable currents over tens of minutes. Currents are mea-
sured using either a single hole at each recording site or an array of 64 holes
at each site (Population Patch Clamp or PPC, Finkel et al. 2006). PPC measures
the ensemble current through all 64 cells in an individual well using a single
pair of electrodes. We present here data from LGICs including GABA chloride
channels, acid sensing ion channels (ASIC), nicotinic acetylcholine (a1 nACh)
receptors, and VGICs including NaV, KV and hERG channels. Data will be pre-
sented on 10 - 90% exchange rates for individual wells using high Kþ solutions.
Pharmacological data will be presented on the blockade of several channel
types listed above to validate this type of apparatus as being appropriate for
screening ion channel targets in a drug discovery setting. Ref: Finkel, A.
et al. (2006). J Biomol Screen 11(5): 488-96.
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Development of a GPCR Based Electrophysiological Biosensor
Masato Suzuki, Shigeki Kiyonaka, Tomohiro Numata, Ken Shimono,
Hiroaki Oka, Yasuo Mori.
G-protein coupled receptors (GPCRs), which can recognize various extracellu-
lar compounds, including hormones, neurotransmitters and chemical molecules
such as odors and flavors, represent the largest superfamily of cell surface re-
ceptors. Moreover, it was estimated the 25 % of the 100 top-selling drugs tar-
geted GPCRs. For these reasons, it is desirable to develop a robust, reliable, and
cost-effective functional screening technique for compounds related to the
GPCR in pharmaceutical industry.
We have developed a new platform to detect chemical compounds binding to
a GPCR by using a hybrid G-proteins which could transmit the signal from
the Gs/olf-coupled GPCRs to the inward rectifier potassium channels (Kir 3).
To improve the receptor coupling profile, fifteen kinds of the hybrid G-proteins
were designed by swapping some domains of Gai protein to corresponding
amino acids of Gaolf protein.
For evaluation of signal transduction from GPCR to ion channel, each hybrid
G-protein was heterogeneously expressed in HEK-293T cells with mutated po-
tassium channel (Kir 3.1 (F137S)) and b1 adrenergic receptor, which could not
activate Kir 3. By utilizing of a hybrid G-protein, which was replaced with 94
amino acids from C-terminal, dramatically change of inwardly rectifying Kþ
current was occurred in the presence of b1 agonist (30 nM isoproterenol).
Moreover, the lower detection limit was possible to detect even 30 pM isopto-
terenol (EC50 = 1 nM).
Thus, this new sensing platform based on a hybrid G-protein might provide
a powerful method to screen drug compounds targeting for GPCR.
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Lowering Series Resistance inWhole-Cell Patch Clamp Experiments using
the Pushpen Patch Clamp Electrode
Samsoon Inayat, Lawrence H. Pinto, John B. Troy.
Series resistance introduces voltage clamp errors in whole-cell patch clamp ex-
periments and reduces the bandwidth of recordings by forming a low-pass filter
with the cell membrane capacitance. The bulk of the series resistance is located
at the pipette tip. During an experiment, cellular debris or membrane fragments
can clog the tip and result in an increase in resistance. This effect is most no-
table when recording from small neural structures, as the pipette tip used is
smaller than usual then. An increase in series resistance seriously limits the du-
ration of recording and the reliability of the data recorded. The current proce-
dure to lower series resistance is to apply gradual pulses of suction to clear thepipette tip of cellular debris or membrane, but this usually results in disruption
of the gigaseal and ends the experiment. We introduce a new procedure for
clearing clogged tips using our Pushpen patch clamp electrode.
The Pushpen patch clamp electrode is a novel electrode for whole-cell patch
clamp experiments, in which a linear motor moves a conical tungsten wire
wound with Ag/AgCl wire, linearly inside the pipette. The tungsten wire tip
can protrude from the pipette tip like a push pen, the procedure we call the
‘‘pushpen operation’’. Using the pushpen operation, we obtain whole-cell con-
figuration from cell-attached without applying suction but by impaling the cell
membrane with the tungsten wire tip, while maintaining gigaseal. Currently we
are working to demonstrate that we can lower series resistance during an exper-
iment by using the pushpen operation to clear a clogged pipette tip and thus pro-
long the lifetime of experiments.
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Limitations of Equivalent Circuit Models in Data-Driven Simulation of the
Neuron-Electrode Interface
Vaibhav Thakore, Peter Molnar, James J. Hickman.
Noninvasive neuroelectronic interfacing has important applications in the fields
of neural prosthetics, biological computation and biosensors. Traditionally,
neuron-electrode interfaces have been modeled as linear point or area contact
equivalent circuits but such models have not been able to explain the shapes
and magnitudes of the experimentally recorded extracellular signals. Also, pre-
vious work with Volterra-Wiener characterization of the planar neuron-
microelectrode junction using bandlimited Gaussian white noise had shown
that the mechanism of signal transduction across the nanoscale neuron-
microelectrode cleft region might be nonlinear. In this optimization based study
we compared and contrasted experimental and simulation data for point contact
models of the extracellular ‘on-cell’ neuron-patch electrode and the planar
neuron-microelectrode interface. The nonlinear contributions of the neurons
to the dynamics of the equivalent circuit representation of the interfacial me-
dium were systematically isolated by an independent estimation of the ion-
channel parameters through a fitting of the simulated intracellular signals to
the experimentally recorded voltage and current clamp signals. These ion-
channel parameters were then employed in the optimization of the cell-
electrode interface parameters based on extracellular recordings obtained
from a neuron simultaneously interfaced to the ‘on-cell’ patch-electrode and
the planar microelectrode using sub- and supra-threshold stimuli. An examina-
tion of the optimized model parameters for the experimental extracellular re-
cordings from sub- and supra-threshold stimulations of the neuron-electrode
junctions allowed us to draw important distinctions between the ‘on-cell’
neuron-patch electrode and neuron-microelectrode interfaces that could be at-
tributed to the presence of electric double layer (EDL) and ionic electrodiffu-
sion effects. Based on these results, we then discuss and point out the
limitations of the equivalent circuit models in their failure to take account of
the nonlinear EDL and ionic electrodiffusion effects occurring during the pro-
cess of signal transduction at the neuron-electrode interface.
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Cardiac Excitation-Contraction Coupling Proteins: A 3D Spatial Analysis
Evan I. Blumgart, Isuru D. Jayasinghe, Michael J. O’Sullivan,
Christian Soeller, Cameron G. Walker, Vijay Rajagopal.
The vital heart beat that pumps blood around the body is caused by millions of
cardiac muscle cells exciting and contracting in concert. Cellular contraction is
inextricably linked to the sarcoplasmic reticulum (SR) release event and subse-
quent binding of Ca2þ to myofibril binding sites. An integral protein in the re-
lease event is the SR membrane bound Ryanodine Receptor (RyR). Ca2þ enters
the narrow spaces between transverse tubules and the termini of the SR via
voltage-gated L-type Ca2þ channels. It then binds to RyR’s to evoke the release
of more Ca2þ from the SR, into the cytosol. Mathematical models examining
this mechanism of excitation-contraction coupling (ECC) have thus far lacked
anatomically realistic parameters for representing the ultrastructure and the dis-
tributions of key proteins in these myocytes. Our work has focused on produc-
ing an anatomically correct 3D model of a healthy cardiomyocyte that
represents the spatial organization of the different cellular components in-
volved in ECC. To this end, this study seeks to develop and perform statistical
analyses on the 3D spatial distribution of RyR’s and other ECC proteins in the
healthy cell. Using immunofluorescence confocal microscopy images of rat
ventricular muscle, we have carried out 3D spatial analyses which have enabled
us to investigate the anisotropy, clustering, randomness and scatter of RyR’s.
We have also examined aspects of the spatial relationship between RyR’s
and myofibrils at Z-disks via the implementation of computational models.
We have thus developed a novel anatomically based model of cardiomyocyte
RyR distribution. This combined with models of other ECC component pro-
teins, will enable us to gain new insights into the role of cardiomyocyte
